Dyes are persistent compounds that are not easily biodegraded and are considered as carcinogenic.
INTRODUCTION
Various amounts of different chemical dyes from different industrial applications including dyeing were utilized. Artificial dyes are regarded as pollutants of nature that enter into the environment with industrial waste and ultimately can cause contamination of natural ecosystems such as soil, surface waters, ground waters and living creatures. When colored wastewaters are discharged into the environment without treatment, they can affect aquatic ecosystems in different ways. The existence of a colored substance in water decreases the light penetration to the lower layers and so decreases the photosynthesis of plants which renders the water toxic resulting in the mortality of aquatic creatures and finally the rivers and streams that the wastewaters flow into, Chemical coagulation is efficient for sulfurous and disperse dyes. Acidic, direct, vat and reactive dyes coagulate with this method but do not settle, while cationic dyes do not even coagulate (Can et al. ) .
The electrochemical method is a better treatment method with high efficiency for treating textile wastewaters which contain a high concentration of dye. This method has advantages over others for decolorization, such as the need for simple equipment, higher performance, and shorter retention time to remove contaminants, easier operation, and less need for chemicals (Yildiz ) .
Electro-coagulation produces coagulating substances in situ using electrical decomposition of aluminum (Al) or iron (Fe) electrodes. Fe ions that are added electrically to water according to reaction (1), are much more active than Fe ions that are added chemically. Where there is wastewater between the positive anode and negative cathode, an electric field is established as a result of the solution's electrical conductivity.
By electrolysis of water, fine bubbles of oxygen and hydrogen are produced according to reaction (2) and move upward and form a layer in the surface. Bubbles bring the suspended particles and oil to the surface and a sludge layer is produced that is mechanically collected. Therefore, free atomic oxygen is formed in the anode diffusion layer and enters the wastewater by convection and oxidizes organic and inorganic substances. In a similar trend, a change occurs in motivated electrical hydrogen that leads to the rehabilitation reaction of wastewater contents. According to reaction (3), alkalinity is produced in the form of OH À at the cathode during the electrolysis. Gases producing oxygen and hydrogen (according to reaction 4) are very active, and when they attack the surface of the solids, change their buoyancy properties. These changes are called electrochemical effects which do not exist in other buoyancy (Matis & Peleka ) . Chemical reactions occurring at the anode and cathode are shown below in reactions (1)-(4) (Khandegar & Saroha ) :
and in general (reactions (5) and (6)):
Electro-coagulation has been utilized successfully in 
MATERIALS AND METHODS

Materials and equipment
According to Figure 1 was 5 cm and the sampling outlet valve was 4 cm from the bottom of the container.
Dye Acid Red 14 was used as the main pollutant for preparing artificial wastewater in the present study using an anionic dye containing an azo group and natural pH 7, other particulars of which are shown in Table 1 and NaOH (Merck) was used to adjust pH, and for preparing solutions, dilution and washing, double distilled water was utilized. All measurement experiments including dye (21010 C), (2510 A) EC, solids (2540) based on water and wastewater standards (APHA ) were conducted three times with repeatability and error percentage of 95% and 5%, respectively, and in situ (23 ± 2 W C).
Method
In order to determine the optimum effective area of parameters using single factor analysis (OFAT), synthetic wastewater was prepared with the desired characteristics and the magnetic stirrer was used to mix the solution in order to make the necessary mixing to the extent that does not create turbulence. By connecting the electrodes to the power supply, the electric current was kept constant at determined values and the required voltage was registered at the time of sampling and tests were conducted at laboratory temperature. According to the Beer Lambert law, with measuring the absorbance of samples at specified intervals at the maximum absorption wavelength of the dye (515 nm) in a spectrophotometer, dye concentration and removal rate were calculated based on Equation (7):
where DR is dye removal efficiency, C 0 dye initial concentration, C the sample concentration in terms of mg/ L. It is worth mentioning that samples were centrifuged before measuring in a spectrophotometer in order to eliminate the error of existing flotation in solution.
In the electrochemical process, energy consumption is highly important due to the presence of electricity as a source of energy. This energy that can have a high effect on justifiability of the application process was calculated via Equation (8) in which SEC is specific energy consumption (kWh/kg dye removed ), U is voltage (V), I is electric current (A), t is electrolysis time (hr), V is wastewater volume (L), C 0 and C are initial and instant dye concen- 
According to Equation (9), anode consumption (Kg), anode dissolution (Kg), dye removal using Equation (10) was calculated (Parsa et al. ) . 
Electrical conductivity
The experiments in electrical conductivity of 400, 1,000, 2,000, 3,600 and 5,200 μS/cm were done in order to determine the optimum amount of these parameters in conditions of optimum surface and distance and by keeping other parameters constant. The obtained results are given in 
Type of electrolyte
Different electrolytes can be used to generate electrical conductivity in wastewater solutions. The effect of an electrolyte on removal efficiency and energy consumption due to changes in the rate of a solution's electrical conductivity, and forming precipitation and corrosion in electrodes, is important. For this purpose, the impact of the three commonly used electrolytes, NaCl, Na 2 SO 4 and MgSO 4 , was examined. It is worth noting that in all the previous studies, NaCl was used for supplying the required electrical conductivity. In Figure 5 (a), the impact of the type of electrolyte on dye removal efficiency to time is shown. Dye removal from solution using NaCl had a faster trend than the two other The specific energy consumption using three different electrolytes in Figure 5 (b) in terms of the time and Figure   5 (c) independent of time is shown. As can be observed in the figure, energy consumption using NaCl is less than Na 2 SO 4 and MgSO 4 and is equal to 5, 13.5 and 21.5, respectively, for a dye removal efficiency of 99%. The required voltage for supplying fixed electrical current using NaCl is less and thus, total energy consumption is lower.
Electrical conductivity of the water sample can be obtained using Equation (11) as a good approximation:
where EC is electrical conductivity (μS/cm), C i the ion concentration (mg/L) and f i factor of electrical conductivity for ions (Schröer & Weingärtner ) . In the conducted experiments, the calculation of electrical conductivity created by different electrolytes is as according to Table 2 . As can be seen, the higher voltage needed for supplying a fixed electric current using NaCl as electrolyte based on the conducted calculation is justifiable.
The electrical conductivity created by NaCl in solution is higher than the two other electrolytes at equal concentrations. Greater electrical conductivity means higher electrical conductivity of the solution, and for creating a fixed current conductivity, a higher voltage is needed. Therefore, for creating a fixed current conductivity, less NaCl is needed than other electrolytes and because NaCl is cheaper, the cost of treatment will be lower. In justifying higher electrical conductivity created by MgSO 4 to NaCl, it can be said that electric current is transferred both by cations and anions but the degree of conductivity is different. The created electrical conductivity by multivalent cations is higher than univalent cations. But this is not the case for anions (Gray ) .
The amount of anode consumption using different electrolytes is shown in Figure 5 (d). Anode dissolution rate using NaCl is lower due to the quicker trend of dye removal than other electrolytes, i.e., NaCl, Na 2 SO 4, and MgSO 4 was 5, 7
and 7.9 kg Fe/kg dye removed , respectively, obtained at dye removal efficiency of 99%.
Passing current in an aquatic environment like wastewater occurs due to the movement of ions towards the electrode with negative load. NaCl has a higher ionization speed and mobility due to the lower radiuses of Na and Cl 
Initial pH
Experiments at different initial pHs have been conducted in order to determine the optimum amount of this parameter in optimized conditions at the electrode surface, distances between electrodes, electrical conductivity and the type of electrolyte and the results obtained are presented in Figure 6 .
At an initial pH of 3, dye process was completed within 5 minutes with high efficiency. Following this process becomes slow and because in order to measure the dye concentration, the samples first have to be treated then centrifuged, the increase in dye concentration (no increase in efficiency) is related to desorption (Hooshmandfar et al. ) . After this lull, the efficiency increases. It is worth noting that the produced sludge lost its flotation property and settled. According to Figure 6 (a) at an initial pHs of 5, 7 and 9, the dye separated well from solution and the sludge floated. As per our observations, in experiments with an initial pH ¼ 11, the sludge did not separate well and was black which indicated a low amount of dye and high amount of Fe compounds in the sludge as well as a poor system performance in dye separation.
Monomeric and polymeric Fe species vary at different pH, and the coagulation mechanism is dependent on pH. In order to determine the optimum conditions of initial pH and an economic comparison between them, the amount of specific energy and anode consumption are shown in Figure 6 (a) and 6(b). As can be seen, for obtaining According to the results of Figure 6 , the general performance of dye treatment system with initial pH ¼ 5 was better than at other pH. However, due to the proximity of values of the four parameters of removal efficiency, energy and anode consumption and sludge TSS between pH 5 and 7, and because there is no need to add chemicals for adjusting the solution pH containing Acid Red 14 which equals to 7, an initial pH ¼ 7 was selected as optimum for this study. and [M-C l0 H 6 -2Na-2SO 3 þ H], respectively. As can be seen in figure, after 20 min from the start of the reaction, there is no mother peak of Acid Red 14 and this is a confirmation of dye removal efficiency within 20 min in optimal conditions. Also, two peaks at 268.5 and 221.7 m/z are seen in this figure that exist in the previous figure with the difference that the former is increased and the latter is decreased.
The third sample for mass analysis was taken 120 min after the onset of reaction as observed in Figure 7 (c). As can be seen in the figure, the predominant peak in this figure, just as in the two previous figures, is related to a compound with molecular weight of 221.7 m/z, and as mentioned before its molecule formula can be guessed as [M-C l0 H 6 -2Na-SO 3 -2N-H]. This compound, which is considered to be the structure of Acid Red 14, is the derivative of α-naphtole or 1-naphtole that existed in the analysis of the first sample in Figure 7 (a). This compound is recognized as an environmentally hazardous compound and harmful for the aquatic environment but the degree of its toxicity is less than Acid Red 14. In this figure, in addition to a peak related to α-naphtole, there are also two other peaks.
One with a molecular mass of 172.8 m/z that was shown in 
CONCLUSION
Produced oxygen is trapped under the anode and continuing production produces more bubbles and big bubbles. By increasing electrode surface, due to the decrease in electrical resistance of system, the required voltage for obtaining a fixed electric current declined and consequently, total energy consumption decreased. Therefore, from the three electrode surfaces, the intermediate surface (neither maximum nor minimum) was selected as optimum.
On increasing the distance between electrodes (from 0.5 to 2 cm), due to the delay in constituting coagulating materials with regard to the dependency of this action on mobilization and transfer of materials and produced ions in the electrodes, dye removal efficiency showed a decrease to time. Also, on decreasing the distance between electrodes, due to the decrease in electrical resistance of system, the required voltage for obtaining a fixed electric current declined and consequently, total energy consumption decreased. But, with a further decrease in the distance between the electrodes (less than 0.5), an increase in energy consumption was observed the reason for which was nontransferring of materials and fluids that causes a concentration of solid particles and bubbles between the anode and the cathode and thus an increase in electrical resistance.
The increase in electrical conductivity of the solution using NaCl causes a decrease in the required voltage in a fixed electric current due to the decline in electrical resistance of the wastewater, and electrical energy consumption which is proportionate to voltage multiplication in electric current is decreased (significant decrease in energy consumption with the increase in electrical conductivity from 400 to 3,600 μS/cm). Given that the existence of salts and ions causes the creation of electrical conductivity in solution, sediment and corrosion by these ions on electrodes causes an increase in electrical resistance and incurs an additional price for treatment. As a result, very high electrical conductivity cannot be selected as optimum conductivity for the excuse of increase in removal efficiency or the decrease in energy consumption (resulting in non-selection of electrical conductivity of 5,200 μS/cm as the optimum conductivity in comparison to electrical conductivity of 3,600 μS/cm).
The performance of the system did not show much dependency on initial pH and environment. In acidic pH, the number of bubbles is increased but their size gets bigger which decreases their ability for flotation of tiny coagulations. In basic pH, the amount of bubbles is decreased but their size gets smaller. In pH 5-9 electro-coagulation and forming coagulations is done well, electro-flotation had good performance and high dye removal efficiency was obtained for the three pHs.
Therefore, selection of pH ¼ 7 as an optimal pH was adopted due to economic and environmental parameters.
In conclusion, the results of this research with 99% of dye removal within 20 min, specific energy and anode con- Also, the produced sludge causes a decrease in treatment costs and sludge disposal and its related problems. Consequently, using this method is considered to be a good option for constituting with usual methods of treatment like chemical coagulation and flocculation and/or pre-treatment before complementary treatment.
